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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination of the application wherein a request for continuation 
application is concurrently filed, please amend the application as follows: 

In the Claims: 

Please cancel claims 1-36. 

Please add new claims 37-237 as follows. 

37. A system comprising: 

a central processing unit having a register file, the central processing unit adapted to 
execute register-based instructions; and 

a hardware unit associated with the central processing unit, the hardware unit 
adapted to convert Java bytecode instructions into register-based instructions, wherein the 
hardware unit is adapted to store at least one Java variable in the central processing unit's 
register file at a location separate from any operand stack, wherein at least one of the 
register-based instructions reference a register in the central processing unit's register file 
containing one of the at least one Java variable. 
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38. The system of claim 37, wherein the central processing unit includes the 
hardware unit. 

39. The system of claim 37, wherein the hardware unit is outside of the central 
processing unit. 

40. The system of claim 37, wherein a portion of the operand stack is stored in 
the register file of the central processing unit and wherein the hardware unit is adapted to 
produce at least one of overflow or underflow indications for the portion of the operand 
stack stored in the register file. 

41. The system of claim 37, wherein the hardware unit is further adapted to 
store at least some Java registers in the register file. 

42. The system of claim 37, wherein the hardware unit implements at least part 
of a Java virtual machine. 

43. The system of claim 37, wherein the hardware unit is connected between a 
memory and the central processing unit. 

44. The system of claim 37, wherem the hardware unit is adapted to examine the 
stack-based instructions to determine whether multiple stack-based instructions can be 
combined into fewer register-based instructions. 

45. The system of claim 44, wherein the hardware unit produces register-based 
instructions that access the Java variables in the register file so as to reduce the number of 
register-based instructions that would otherwise be required. 
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46. The system of claim 44, wherein multiple stack-based instructions pass 
through the hardware unit concurrently to allow for the operation of the combining logic. 

47. The system of claim 44, wherein the hardware unit is adapted to convert 
multiple Java bytecodes into a single register-based instruction. 

48. The system of claim 37, wherein the hardware unit produces an exception upon 
at least one of the stack-based instructions, and wherein the central processing unit will, in 
software, translate the at least one of the stack-based instructions causing the exception. 

49. The system of claim 37, wherein the hardware unit is adapted to swap Java 
variables in and out of the register file from a memory. 

50. The system of claim 37, wherein the hardware unit includes logic that keeps 
track of Java Variables stored in the register file and when a Java bytecode to be translated 
references a Java Variable stored in a register of the register file, the hardware unit 
produces an indication of that register to be used in the translation process. 

51 . The system of claim 37, wherein the hardware unit keeps track of which 
registers in the register file contain Java variables, the meaning of the registers being able 
to change as a result of an executed instruction. 

52. A system comprising: 

a central processing unit having a register file, the central processing unit adapted to 
execute register-based instructions; and 

a hardware unit associated with the central processing unit, the hardware unit 
adapted to convert Java bytecode mstructions into register-based instructions, wherein the 
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hardware unit is adapted to store at least one Java register in the central processing unit's 
register file, wherein at least one of the register-based instructions reference a register in 
the central processing unit's register file containing one of the at least one Java register, the 
at least one Java Register including the Java Program Counter. 

53. The system of claim 52, wherein the central processing unit includes the 
hardware unit. 

54. The system of claim 52, wherein the hardware unit is outside of the central 
processing unit. 

55. The system of claim 52, wherein the central processing unit includes the 
hardware unit. 

56. The system of claim 52, wherein the hardware unit is outside of the central 
processing unit. 

57. The system of claim 52, wherein a portion of the operand stack is stored in 
the register file of the central processing unit and wherein the hardware unit is adapted to 
produce at least one of overflow or underflow indications for the portion of the operand 
stack stored in the register file. 

58. The system of claim 52, wherein the hardware unit is further adapted to 
store at least some Java variables in the register file. 

59. The system of claim 52, wherein the hardware unit implements at least part 
of a Java virtual machine. 
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1 60. The system of claim 52, wherein the hardware unit is connected between a 

2 memory and the central processing unit. 

1 61 . The system of claim 52, wherein the hardware unit is adapted to examine the 

2 stack-based instructions to determine whether multiple stack-based instructions can be 
-i combined into fewer register-based instructions. 

1 62. The system of claim 61, wherein the hardware unit produces register -based 

Z2 instructions that access the Java registers in the register file so as to reduce the number of 

3 register-based instructions that would otherwise be required. 

1 63. The system of claim 61, wherein multiple stack-based instructions pass 

2 through the hardware unit concurrently to allow for the operation of the combining logic. 

1 64. The system of claim 52, wherein the hardware unit is adapted to convert 

2 multiple Java bytecodes into a single register-based instruction. 

1 65. The system of claim 52, wherein the hardware unit produces an exception 

2 upon at least one of the stack-based instructions, and wherein the central processing unit 

3 will, in software, translate the at least one of the stack-based instructions causing the 

4 exception. 

1 66. The system of claim 52, wherem the hardware unit is adapted to swap Java 

2 registers in and out of the register file from a memory. 
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1 61. A central processing unit comprising: 

2 an input adapted to receive Java bytecode instructions; 

3 a register file adapted to be manipulated using register-based instructions; and 

4 a hardware subunit adapted to convert Java instructions into register-based 

5 instructions, wherein the hardware subunit is adapted to store at least one Java variable in 

6 the register file at a location separate from any operand stack, wherein at least one of the 
Q7 register-based instructions reference a register in the central processing unit's register file 
% 8 containing one of the at least one Java variable. 

^ 1 68. A central processing unit comprising: 

M2 an input adapted to receive Java bytecode instructions; 

"^ '3 a register file adapted to be manipulated using register-based instructions; and 

=j 4 a hardware subunit adapted to convert Java instructions into register-based 

:i 5 instructions, wherein the hardware subunit is adapted to store at least one Java register in 

- 6 the register file, wherein at least one of the register-based instructions reference a register 

7 in the central processing unit's register file containing one of the at least one Java register, 

8 the at least one Java Register including the Java Program Counter. 

1 69. A system comprising: 

2 a first unit adapted to execute register-based instructions, the first unit having an 

3 associated register file; and 

4 a hardware unit associated with the first unit, the hardware unit adapted to convert 

5 stack-based instructions into register-based instructions, the hardware unit adapted to store 

6 portions of the operand stack in the first unit's register file, wherein the hardware unit 

7 includes logic to keep a count of how many entries have been placed on the operand stack. 
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1 70. The system of claim 69, wherein the first unit and the hardware unit are part of 

2 a central processing unit. 

1 71 . The system of claim 69, wherein the first unit comprises a central processing 

2 unit and wherein the hardware unit is outside of the central processing unit. 

;:1 72. The system of claim 69, wherein a portion of the operand stack is stored in 

the register file of the first unit and wherein the hardware unit is adapted to produce at least 
one of overflow or underflow indications for the portion of the operand stack stored in the 

334 register file. 

1 73. The system of claim 69, wherein the hardware unit is further adapted to 

Yj2 store at least some Java registers in the register file. 

:=:I 74. The system of claim 69, wherein the hardware unit implements at least part 

~2 of a Java virtual machine. 

1 75. The system of claim 69, wherein the hardware unit is connected between a 

2 memory and the first unit. 

1 76. The system of claim 69, wherein the hardware unit is adapted to manage a 

2 Java stack. 

1 77 . The system of claim 69, wherein the hardware unit is adapted to examine the 

2 stack -based instructions to determine whether multiple stack-based instructions can be 

3 combined into fewer register-based instructions. 
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1 78. The system of claim 77, wherein the hardware unit produces register-based 

2 instructions that access the portion of the operand stack in the register file so as to reduce 

3 the number of register-based instructions that would otherwise be required. 

1 79. The system of claim 77, wherein multiple stack-based instructions pass 

2 through the hardware unit concurrently to allow for the operation of the combining logic. 

t'l 80. The system of claim 69, wherein the hardware unit is adapted to convert 

f; 2 multiple Java bytecodes into a single register-based instruction. 

81. The system of claim 80, wherein the multiple Java bytecodes include a basic 

2 operand instruction and one or more stack manipulation instructions. 

1 1 82. The system of claim 80, wherein the multiple Java bytecodes includes a load 

or store instruction. 

1 83. The system of claim 69, wherein the hardware unit produces an exception 

2 upon at least one of the stack-based instructions, and wherein the central processing unit 

3 will, in software, translate the at least one of the stack-based instructions causing the 

4 exception. 

1 84. The system of claim 69, wherein the hardware unit is adapted to swap 

2 portions of the operand stack in and out of the register file from a memory. 

1 85. The system of claim 69, wherein the hardware unit includes an indication of 

2 the depth of the portion of operand stack stored in the register file. 
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1 86. The system of claim 69, wherein the hardware unit includes logic to keep a 

2 count of how many entries have been placed on the operand stack. 

1 87. The system of claim 69, wherein the hardware unit includes logic that keeps 

2 track of portions of the Java operand stack stored in the first unit's register file and when a 

3 Java bytecode to be translated references an element of the Java operand stack stored in a 
.;=4 register of the first unit's register file, the hardware unit produces an indication of that 
^is register to be used in the translation process. 

5;i 88. The system of claim 69, wherein the hardware unit keeps track of a top of 

;;2 stack register location, wherein the top of stack register in the first unit's register file is not 

. 3 fixed and can change as a result of an executed instruction. 

"1= [ 89. The system of claim 69, wherein a portion of the Java operand stack or Java 

1^2 variables are stored in the register file of the first unit, wherein the hardware unit keeps 

'"'3 track of which registers in the first unit's register file contains portions of the Java operand 

4 stack or Java variables, the meaning of the registers being able to change as a result of an 

5 executed instruction. 

1 90. The central processing unit of claun 69, wherein an overflow or underflow 

2 produces operand transfer between the register file in the central processing unit and 

3 memory. 

1 91 . The central processing unit of claim 69, wherein the registers of the register 

2 file of the central processing unit used to store the portion of operand stack is full of valid 

3 data. 
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1 92. The central processing unit of claim 69, wherein the at least one of the 

2 overflow or underflow indications is generated by a stack instruction pushing an operand or 

3 popping the operand from the operand stack. 

1 93. A system comprising: 

2 a first unit adapted to execute register-based instructions, the first unit having an 

3 associated register file; and 

4 a hardware unit associated with the first unit, the hardware unit adapted to convert 

5 Java bytecodes into register-based instructions, wherein the hardware unit includes logic 

6 that keeps track of portions of the Java operand stack or Java Variables stored in the first 

7 unit's register file and when a Java bytecode to be translated references an element of the 

8 Java operand stack or Java Variable stored in a register of the first unit's register file, the 

9 hardware unit produces an indication of that register to be used in the translation process. 

1 94. The system of claim 93, wherein the first unit and the hardware unit are part 

2 of a central processing unit. 

1 95 . The system of claim 93 , wherem the first unit comprises a central processing 

2 unit and wherein hardware unit is outside of the central processing unit. 

1 96. The system of claim 93, wherein a portion of the operand stack is stored in 

2 the register file of the first unit and wherein the hardware unit is adapted to produce at least 

3 one of overflow or underflow indications for the portion of the operand stack stored m the 

4 register file. 

1 97. The system of claim 93, wherein the hardware unit is ftirther adapted to 

2 store at least some Java registers in the register file. 
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1 98. The system of claim 93, wherein the hardware unit implements at least part 

2 of a Java virtual machine. 

1 99. The system of claim 93, wherein the hardware unit is connected between a 

2 memory and the first unit. 

1 100. The system of claim 93, wherein the hardware unit is adapted to examine the 

jJ2 stack-based instructions to determine whether multiple stack-based instructions can be 
combined into fewer register-based instructions. 

/ 1 101 . The system of claun 100, wherein the hardware unit produces register-based 

f:-2 instructions that access the portion of the operand stack in the register file so as to reduce 

1 3 the number of register-based instructions that would otherwise be required. 

1 102. The system of claim 100, wherein multiple stack-based instructions pass 

2 through the hardware unit concurrently to allow for the operation of the combining logic. 

1 103. The system of claim 93, wherein the hardware unit is adapted to convert 

2 muhiple Java bytecodes into a single register-based instruction. 

1 104. The system of claim 103, wherein the multiple Java bytecodes include a 

2 basic operand instruction and one or more stack manipulation instructions. 

1 105. The system of claim 103, wherem the multiple Java bytecodes includes a 

2 load or store instruction. 
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1 106. The system of claim 93 , wherein the hardware unit produces an exception 

2 upon at least one of the stack-based instructions, and wherein the first unit will, in 

3 software, translate the at least one of the stack-based instructions causing the exception. 

1 107. The system of claim 93, wherein the hardware unit is adapted to swap Java 

2 variables or portions of the operand stack in and out of the register file from a memory. 

1 108. The system of claim 93, wherein the hardware unit includes an indication of 

2 the depth of the portion of operand stack stored in the register file. 

1 109. The system of claim 93, wherein the hardware unit includes logic to keep a 

2 count of how many entries have been placed on the operand stack. 

1 1 10. The system of claim 93, wherein the hardware unit includes logic that keeps 

2 track of Java Variables stored m the first unit's register file and when a Java bytecode to be 

3 translated references a Java Variable stored in a register of the first unit's register file, the 

4 hardware unit produces an indication of that register to be used in the translation process. 

5 111. The system of claim 93 , wherein the hardware unit includes logic that keeps 

6 track of portions of the Java operand stack stored m the first xmit's register file and when a 

7 Java bytecode to be translated references an element of the Java operand stack stored in a 

8 register of the first unit's register file, the hardware unit produces an indication of that 

9 register to be used in the translation process. 

1 112. The system of claim 93 , wherein the hardware unit keeps track of a top of 

2 stack register location, wherein the top of stack register in die first unit's register file is not 

3 fixed and can change as a result of an executed instruction. 
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4 113. The system of claim 93, wherein the hardware unit keeps track of which 

5 registers in the first unit's register file contains portions of the Java operand stack or Java 

6 variables, the meaning of the registers being able to change as a result of an executed 
instruction. 

1 114. A system comprising: 

2 a first unit adapted to execute register-based instructions, the first unit having an 

3 associated register file; and 

4 a hardware unit associated with the first unit, the hardware unit adapted to convert 

5 Java bytecodes into register-based instructions, wherein the hardware unit includes logic 

6 that keeps track of Java Variables stored in the first unit's register file and when a Java 

7 bytecode to be translated references a Java Variable stored in a register of the first unit's 

8 register file, the hardware unit produces an indication of that register to be used in the 

9 translation process. 

1 115. The system of claim 1 14, wherein the first unit and the hardware unit are 

2 part of a central processing unit. 

1 1 16. The system of claim 1 14, wherein the first unit comprises a central 

2 processing unit and wherein the hardware unit is outside of the central processing unit. 

1 1 17. The system of claim 1 14, wherein the hardware unit is further adapted to 

2 store at least some Java registers in the register file. 

1 1 18. The system of claim 1 14, wherein the hardware unit is adapted to swap Java 

2 variables in and out of the register file from a memory. 

1 119. A system comprising: 
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2 a first unit adapted to execute register-based instructions, the first unit having an 

3 associated register file; and 

4 a hardware unit associated with the first unit, the hardware unit adapted to convert 

5 Java bytecodes into register-based instructions, wherein the hardware xmit includes logic 

6 that keeps track of portions of the Java operand stack stored in the first unit's register file 

7 and when a Java bytecode to be translated references an element of die Java operand stack 
^ stored in a register of the first unit's register file, the hardware unit produces an indication 
5 of that register to be used in the translation process. 

Ji 120. The system of claim 1 19, wherein the first unit and the hardware unit 

=te comprise a central processing unit. 

121 . The system of claim 1 19, wherein the first unit comprises a central 

^:2 processing unit and wherein the hardware unit is outside of the central processing unit. 

^ 1 122. The system of claim 1 19, wherein a portion of the operand stack is stored in 

2 the register file of the central processing unit and wherein the hardware unit is adapted to 

3 produce at least one of overflow or underflow indications for the portion of the operand 

4 stack stored in the register file. 

1 123. The system of claun 119, wherein the hardware unit is adapted to examine 

2 the stack-based instructions to determine whether multiple stack-based instructions can be 

3 combined into fewer register-based instructions. 

1 124. The system of claim 119, wherem the hardware unit produces register-based 

2 instructions that access the portion of the operand stack in the register file so as to reduce 

3 the number of register-based instructions that would otherwise be required. 
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1 125. The system of claim 1 19, wherein multiple stack-based instructions pass 

2 through the hardware unit concurrently to allow for the operation of the combining logic. 

1 126. The system of claim 119, wherein the hardware unit is adapted to convert 

2 multiple Java bytecodes into a single register-based instruction. 

1 127. The system of claim 119, wherein the multiple Java bytecodes include a 
■C2 basic operand instruction and one or more stack manipulation instructions. 

Si 128. The system of claim 119, wherein the hardware unit includes an indication 

.312 of the depth of the portion of operand stack stored in the register file, 

iL 1 129. The system of claim 119, wherein the hardware unit includes logic to keep a 

2 count of how many entries have been placed on the operand stack. 

1 130. The system of claim 119, wherein the hardware unit includes logic that keeps 

2 track of portions of the Java operand stack stored in the first unit's register file and when a 

3 Java bytecode to be translated references an element of the Java operand stack stored in a 

4 register of the first unit's register file, the hardware unit produces an indication of that 

5 register to be used in the translation process. 

1 131. The system of claim 119, wherein the hardware unit keeps track of a top of 

2 stack register location, wherein the top of stack register in the first unit's register file is not 

3 fixed and can change as a result of an executed instruction. 

1 132. The system of claim 119, wherein a portion of the Java operand stack or 

2 Java variables are stored in the register file of the first unit, wherein the hardware unit 
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3 keeps track of which registers in the first unit's register file contains portions of the Java 

4 operand stack or Java variables, the meaning of the registers being able to change as a 

5 result of an executed instruction. 

1 133. A system comprising: 

2 a first unit adapted to execute register-based instructions, the first unit having an 

3 associated register file; and 

4 a hardware unit associated with the first unit, the hardware unit adapted to convert 

5 Java bytecodes into register-based instructions, wherein a portion of the operand stack is 

6 stored in the register file of the first unit, wherein the hardware unit keeps track of a top of 

7 stack register location, wherein the top of stack register in the first unit's register file is not 

8 fixed and can change as a result of an executed instruction. 

1 134. The system of claim 133, wherein the first unit and the hardware unit 

2 includes the central processing unit. 

1 135. The system of claim 133, wherein the first unit comprises a central 

2 processing unit and wherein the hardware unit is outside of the central processing unit. 

1 136. The system of claim 133, wherein the hardware unit is adapted to produce at 

2 least one of overflow or underflow indications for the portion of the operand stack stored in 

3 the register file. 

1 137. The system of claim 133, wherein the hardware unit is adapted to examine 

2 the stack-based instructions to determine whether multiple stack-based instructions can be 

3 combined into fewer register-based instructions. 
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138. The system of claim 137, wherein the hardware unit produces register-based 
instructions that access the portion of the operand stack in the register file so as to reduce 
the number of register-based instructions that would otherwise be required. 

139. The system of claim 137, wherein multiple stack-based instructions pass 
through the hardware unit concurrently to allow for the operation of the combining logic. 

140. The system of claim 133, wherein the hardware unit is adapted to convert 
multiple Java bytecodes into a single register-based instruction. 

141 . The system of claim 133, wherein the hardware unit produces an exception 
upon at least one of the stack-based instructions, and wherein the central processing unit 
will, in software, translate the at least one of the stack-based instructions causing the 
exception. 

142. The system of claim 133, wherein the hardware unit includes an mdication 
of the depth of the portion of operand stack stored in the register file. 

143. The system of claim 133, wherein the hardware unit includes logic to keep a 
count of how many entries have been placed on the operand stack. 

144. The system of claim 133, wherein the hardware unit includes logic that keeps 
track of portions of the Java operand stack stored in the first unit's register file and when a 
Java bytecode to be translated references an element of the Java operand stack stored in a 
register of the first unit's register file, the hardware unit produces an indication of that 
register to be used in the translation process. 
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1 145. The system of claim 133, wherein the hardware unit keeps track of which 

2 registers in the first unit's register file contains portions of the Java operand stack or Java 

3 variables, the meaning of the registers being able to change as a result of an executed 

4 instruction. 

,J 146. A system comprising: 

.-:2 a first unit adapted to execute register-based instructions, the first unit having an 

73 associated register file; and 

C4 a hardware unit associated with the first unit, the hardware unit adapted to convert 

^ Java bytecodes into register-based instructions, wherein a portion of the Java operand stack 

; 6 or Java variables are stored in the register file of the first unit, wherem the hardware unit 

57 keeps track of which registers in the first unit's register file contains portions of the Java 

"U8 operand stack or Java variables, the meaning of the registers being able to change as a 

21 9 result of an executed instruction. 

1 147. The system of claim 146, wherein a top of stack register in the first unit's 

2 register file is not fixed and can change as a result of an executed instruction. 

1 148. The system of claim 146, wherein the first unit and the hardware unit 

2 comprise a central processing unit. 

1 149. The system of claim 146, wherein the first unit comprises a central 

2 processing unit and the hardware unit is outside of the central processing unit. 

1 150. The system of claim 146, wherein the hardware unit is adapted to produce at 

2 least one of overflow or underflow indications for the portion of the operand stack stored in 

3 the register file. 
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1 151. The system of claim 146, wherein the hardware unit is adapted to examine 

2 the stack-based instructions to determine whether multiple stack-based instructions can be 

3 combined into fewer register-based instructions. 

1 152. The system of claim 151, wherein the hardware unit produces register-based 
instructions that access the portion of the operand stack in the register file so as to reduce 

=3 the number of register-based instructions that would otherwise be required. 

31 153. The system of claun 151, wherein multiple stack-based instructions pass 

,^2 through the hardware unit concurrently to allow for the operation of the combining logic. 

j-1 154. The system of claim 146, wherem the hardware unit is adapted to convert 

|2 multiple Java bytecodes into a single register-based instruction. 

"~1 155. The system of claim 154, wherein the multiple Java bytecodes include a 

2 basic operand instruction and one or more stack manipulation instructions. 

1 156. The system of claim 146, wherein the hardware unit includes an indication 

2 of the depth of the portion of operand stack stored in the register file. 

1 157. The system of claim 146, wherein the hardware unit includes logic to keep a 

2 count of how many entries have been placed on the operand stack. 

1 158. The system of claim 146, wherein the hardware unit includes logic that keeps 

2 track of portions of the Java operand stack stored in the first unit's register file and when a 

3 Java bytecode to be translated references an element of the Java operand stack stored in a 
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register of the first unit's register file, the hardware unit produces an indication of that 
register to be used in the translation process. 

159. A system comprising: 

a first unit adapted to execute register-based instructions, the first unit having at 
least two associated register files of registers, the first set of register files used for normal 
operation, the second set of register files used for operation in a hardware translation mode; 
and 

a hardware unit associated with the first unit, the hardware unit adapted to convert 
stack-based instructions into register-based instructions during the hardware translation 
mode. 

160. A system comprising: 

a first unit adapted to execute register-based instructions, the first unit adapted to 
produce a "branch taken" indication; and 

a hardware unit associated with the first unit, the hardware unit adapted to convert 
stack-based instructions into register-based instructions, the hardware unit containing 
multiple pipeline stages, the pipeline stages being flushed when the "branch taken" 
indication is produced. 

161. A system comprising : 

a first unit adapted to execute register-based instructions; and 

a hardware unit associated with the first unit, the hardware xmit adapted to convert 

stack-based instructions into register-based instructions, the hardware unit including a 

stack-based instruction buffer associated with a decode unit. 
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1 162. The system of claim 161 , wherein decode unit can select multiple stack- 

2 based instructions to decode at one time. 

1 163. A system comprising: 

2 a first unit adapted to execute register-based instructions; and 

3 a hardware unit associated with the first unit, the hardware unit adapted to convert 

4 stack-based instructions into register-based instructions, the hardware unit mcluding a 

5 stack-based instruction buffer associated with a decode unit, the hardware unit adapted to 

6 rearrange the stack-based instructions in the buffer to make them easier to be operated on 

7 by a decode unit. 

1 164. The system of claim 164 wherein decode unit can select multiple stack-based 

2 instructions to decode at one time. 

1 165. The system of claim 164 wherein the any stack-based instruction or 

2 instructions sent to the decoder unit for translation are removed from the stack-based 

3 instruction buffer and new stack-based instruction or instructions added to the buffer. 

1 166. A system comprising: 

2 a first unit adapted to execute register-based instructions; and 

3 a hardware unit associated with the first unit, the hardware unit adapted to convert 

4 stack-based instructions into register-based instructions, wherein certain instructions are not 

5 translated in the hardware unit but instead cause translation software to be loaded into the 

6 first unit. 
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1 167. A system comprising: 

2 a central processing unit having a register file, the central processing unit adapted to 

3 execute register-based instructions; and 

4 a hardware unit associated with the central processing unit, the hardware unit 

5 adapted to convert stack-based instructions into register-based instructions, wherein a 

6 portion of the operand stack is stored in the register file of the central processing unit and 
J? wherein the hardware unit is adapted to produce at least one of overflow or underflow 
78 indications for the portion of the operand stack stored m the register file. 

2 1 168. The system of claim 167, wherein the central processing unit includes the 

="'2 hardware unit. 

1 169. The system of claim 167, wherein the hardware unit is outside of the central 

=5 2 processing unit. 

1 170. The system of claim 167, wherein the hardware unit is adapted to swap parts 

2 of the operand stack in and out of the register file from a memory. 

1 171. The system of claim 167, wherein the system includes an indication of the 

2 depth of the portion of operand stack stored in the register file. 

1 172. The system of claim 167, wherein the indication of the operand stack depth 

2 is stored in the hardware unit. 

1 173. The system of claim 167, wherein a overflow or underflow produces 

2 operand transfer between the register file in the central processing unit and memory. 
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174. The system of claim 167, wherein, the stack based instructions are Java 
bytecodes 

175. The system of claim 167, wherein the registers of the register file of the 
central processing unit used to store the portion of operand stack is full of valid data. 

176. The system of claim 175, wherein the at least one of the overflow or 
underflow indications is generated by a stack mstruction pushing an operand or popping the 
operand from the operand stack. 

177. The system of Claim 167, wherein the hardware unit has access to the data bus 
of the central processing unit. 

178. The system of Claim 167, wherein the hardware unit is further adapted to store 
at least some Java variables in the register file. 

179. The system of Claim 167, wherein the hardware unit is further adapted to store 
at least some Java registers in the register file. 

180. The system of Claim 167, wherein the stack-based instructions are associated 
with a virmal machine. 

181. The system of Claim 167, wherein the stack-based instructions are Java 
bytecode. 

182. The system of Claim 167, wherein the hardware unit implements at least part 
of a Java virtual machine. 
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1 183. The system of Claim 167, wherein the hardware unit is connected between a 

2 memory and the central processing unit. 

1 184. The system of Claim 183, wherein the hardware unit is connected between an 

2 instruction cache and the central processing unit. 

1 185. The system of Claim 167, wherein the hardware unit is adapted to manage a 

2 Java stack. 

1 186. The system of Claun 167, wherein the hardware unit has access to at least one 

2 bus of the central processing unit. 

1 187. The system of Claim 167, wherein the hardware unit is adapted to examine the 

2 stack-based instructions to determine whether multiple stack-based instructions can be 

3 combined into fewer register-based instructions. 

1 188. The system of Claim 187, wherein the hardware unit produces register-based 

2 instructions that access the portion of the operand stack in the register file so as to reduce the 

3 number of register-based instructions that would otherwise be required. 

1 189. The system of Claim 187, wherein multiple stack-based instructions pass 

2 through the hardware unit concurrendy to allow for the operation of the combining logic. 

1 190. The system of Claim 167, wherein the hardware unit is adapted to 

2 convert multiple Java bytecodes into a single register-based instruction. 
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1 191. The system of Claim 190, wherein the multiple Java bytecodes include a basic 

2 operand instruction and one or more stack manipulation instructions. 

1 192. The system of Claun 190, wherein the multiple Java bytecodes includes a load 

2 or store instruction. 

a 193 . The system of Claim 167, wherein the central processing unit and hardware unit 

7& are on the same chip. 

-f.l 194. The system of Claim 167, wherein the hardware unit produces an exception 

2 upon at least one of the stack-based instructions, and wherein the central processing unit will, 

'^3 in software, translate the at least one of the stack-based instructions causing the exception. 

j= 1 195. The system of claun 167, wherein the hardware unit includes logic to keep a 

^=.= 2 count of how many entries have been placed on the operand stack. 

1 196. The system of claim 167, wherein the hardware unit includes logic that 

2 keeps track of portions of the Java operand stack stored in the register file and when a Java 

3 bytecode to be translated references an element of the Java operand stack stored in a register 

4 of the register file, the hardware unit produces an indication of that register to be used in the 

5 translation process. 

1 197. The system of claim 167, wherein the hardware unit keeps track of a top of 

2 stack register location, wherein the top of stack register in the register file is not fixed and can 

3 change as a result of an executed instruction. 
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198. The system of claim 167, wherein the hardware subunit keeps track of which 
registers in the register file contain portions of the Java operand stack, the meaning of the 
registers being able to change as a result of an executed instruction. 

199. The system of claim 168, wherein the central processing unit includes an 
execution unit to execute the register-based instructions. 

200. The system of claim 167, wherein the translated register-based instructions are 
produced internally within the central processing imit. 

201. The system of claim 167, wherein register-based instructions cause the 
manipulation of the register file. 

202. A central processing unit comprising: 

an input adapted to receive stack-based instructions; 

a register file adapted to be manipulated using register-based instructions, the register 
file adapted to store a portion of an operand stack; and 

a hardware subunit adapted to convert stack-based instructions into register-based 
instructions, wherein the hardware subunit is adapted to produce at least one of overflow or 
underflow indications for the portion of the operand stack stored in the register file. 

203. The central processing unit of claim 202, wherein, the stack-based instructions 
are Java bytecodes. 

204. The central processing unit of Claim 202, wherein the hardware subunit is 
adapted to swap parts of the operand stack in and out of the register file from a memory. 
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205. The central processing unit of Claim 202, wherein the hardware subunit is 
further adapted to store at least some Java variables in the register file. 

206. The central processing unit of Claim 202, wherein the hardware subunit is 
further adapted to store at least some Java registers in the register file. 

207. The central processing unit of Claim 202, wherein the central processing unit 
includes an indication of the depth of the portion of operand stack stored in the register file. 

208. The central processing unit of Claim 202 wherein the indication of the operand 
stack depth is stored in the hardware subunit. 

209. The central processing unit of Claim 202 wherein a overflow or underflow 
produces operand transfer between the register file in the central processing unit and memory. 

210. The central processing unit of Claim 202 wherein, the stack-based instructions 
are Java bytecodes. 

211. The central processing unit of Claim 202, wherein the registers of the register 
file of the central processing unit used to store the portion of operand stack is full of valid data. 

212. The central processing unit of Claim 202, wherein the at least one of the 
overflow or underflow indications is generated by a stack instruction pushing an operand or 
popping the operand from the operand stack. 

213. The central processing unit of Claim 202, wherein the stack-based instructions 
are associated with a virtual machine. 
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1 214. The central processing unit of Claim 202, wherein the stack-based instructions 

2 are Java bytecodes. 

1 215. The central processing unit of Claim 202, wherein the hardware subunit 

2 implements at least part of a Java virtual machine. 

1 216. The central processing unit of Claim 202, wherein the hardware subunit is 

2 adapted to manage a Java stack. 

1 217. The central processing unit of Claim 202, wherein the hardware subunit has 

2 access to at least one bus of the central processing unit. 

1 218. The central processing unit of Claim 202, wherein the hardware subunit is 

2 adapted to examine the stack-based mstructions to determine whether multiple stack-based 

3 instructions can be combined into fewer register-based instructions. 

1 219. The central processing unit of Claim 218, wherein the hardware subunit 

2 produces register-based instructions that access the portion of the operand stack in the register 

3 file so as to reduce the number of register-based instructions that would otherwise be required. 

1 220. The central processing unit of Claim 218, wherein muhiple stack-based 

2 instructions pass through the hardware subunit concurrently to allow for the operation of the 

3 combining logic. 

1 221. The central processing unit of Claim 202, wherein the hardware subunit is 

2 adapted to convert multiple Java bytecodes into a single register-based instruction. 
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222. The central processing unit of Claim 221 , wherein the multiple Java bytecodes 
include a basic operand instruction and one or more stack manipulation instructions. 

223. The central processing unit of Claim 221 , wherein the multiple Java bytecodes 
includes a load or store instruction. 

224. The central processing unit of Claim 202, wherein the hardware subunit 
produces an exception upon at least one of the stack-based instructions, and wherein the central 
processing unit will, in software, translate the at least one of the stack-based instructions 
causing the exception. 

225. The system of claim 202, wherein the hardware subunit includes logic to keep 
a count of how many entries have been placed on the operand stack. 

226. The system of claim 202, wherein the hardware subunit includes logic that keeps 
track of Java variables stored in the register file and when a Java bytecode to be translated 
references a Java variable stored in a register of the register file, the hardware subunit 
produces an indication of that register to be used in the translation process. 

227. The system of claim 202, wherein the hardware subunit includes logic that keeps 
track of portions of the Java operand stack stored in the register file and when a Java bytecode 
to be translated references an element of the Java operand stack stored in a register of the 
register file, the hardware unit produces an indication of that register to be used in the 
translation process. 
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1 228. The system of claim 202, wherein the hardware subunit keeps track of which 

2 registers in the register file contain portions of the Java operand stack, the meaning of the 

3 registers being able to change as a result of an executed instruction. 

1 229. The system of claim 202, wherein the central processing unit includes an 

2 execution unit to execute the register-based instructions. 

-D 1 230. The system of claim 202, wherein the translated register-based instructions are 

V 2 produced internally within the central processing unit. 

ji 1 231. A system comprising: 

2 an execution unit associated with a register file, the execution unit adapted to execute 

3 decoded instructions; and 

4 hardware adapted to receive Java bytecodes and native non-Java instructions and 

5 adapted to produce decoded instructions to the execution unit, the hardware including a Java 

6 hardware unit adapted to store at least one Java variable in the register file at a location 

7 separate from any operand stack, wherein at least one of the decoded instructions reference a 

8 register in the central processing unit's register file containing one of the at least one Java 

9 Variable, wherein a portion of the operand stack is stored in the register file and wherein the 

10 hardware unit is adapted to produce at least one of overflow or underflow indications for the 

1 1 portion of the operand stack stored in the register file. 

1 232. The system of claim 23 1 , wherein the execution unit and associated register file 

2 are part of a central processing unit. 

1 233 . The system of claim 232, wherein the Java hardware unit is part of die central 

2 processing unit. 
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234. The system of claim 232, wherein the java hardware unit is outside of the 
central processing unit. 

235. The system of claim 234, wherein the java hardware unit is further adapted to 
translate Java bytecodes into native instructions. 

236 . The system of claun 235, wherein the hardware includes portions of the central 
processing unit, the portions includmg a decoder. 

237 . The system of claim 23 1 , wherein the java hardware unit is further adapted to 
translate Java bytecodes into native instructions. 
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